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SUMMARY
Oral ﬂuid is a non-invasive biological sample, which can be returned by post, making it suitable
for large-scale epidemiological studies in children. We report our experience of oral ﬂuid
collection from 14373 preschool-aged children in the UK Millennium Cohort Study. Samples
were collected by mothers in the home setting following the guidance of trained interviewers, and
posted to the laboratory. Samples were received from 11698 children (81.4%). Children whose
mothers were of Black Caribbean ethnicity and who lived in non-English-speaking households
were less likely to provide a sample, and those with a maternal history of asthma more likely
to provide a sample [adjusted risk ratio (95% CI) 0.85 (0.73–0.98), 0.87 (0.77–0.98) and
1.03 (1.00–1.05) respectively]. Collection of oral ﬂuid samples is feasible and acceptable in
large-scale child cohort studies. Formal interpreter support may be required to increase
participation rates in surveys that collect biological samples from ethnic minorities.
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INTRODUCTION
Objective measures of infection in young children are
essential in epidemiological studies of acquisition of
infections in early life, but blood sampling is not
feasible in large-scale population-based studies at this
age. However, as many common childhood infections
are asymptomatic, or of non-speciﬁc symptomatology
objective measures are needed. Oral ﬂuid has been
increasingly used as a minimally invasive alternative
to blood in seroprevalence studies [1, 2], and has the
potential to achieve higher population coverage.
Eﬀective methods for the collection, transport and
processing of oral ﬂuid samples have been developed
and evaluated to ensure optimum sample quality
[3–5]. There has been increasing interest in in-
vestigating the relationship between common child-
hood infections in very early childhood and later
allergic and autoimmune disorders [6], but to date
only limited experience of oral ﬂuid collection to
measure such infections objectively within large-scale
cohort studies of preschool-aged children.
We report the feasibility of collecting oral ﬂuid
samples in the home setting from 3-year-old children
in a large-scale, socially diverse and multi-ethnic
cohort carried out as part of a prospective study
investigating early childhood acquisition of infection
and subsequent asthma and allergic disorders.
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bers for whom a sample was received in the labora-
tory and the maternal and child factors associated
with oral ﬂuid sample receipt, including those relevant
to allergic disorders or asthma.
METHODS
Study population and design
The Millennium Cohort Study (MCS) is a prospective
study of the social, economic and health-related cir-
cumstances of British children born in the new cen-
tury [7]. A stratiﬁed clustered survey design was
employed to over-represent children living in dis-
advantaged areas, from ethnic minority groups and
the smaller UK countries. The original cohort com-
prised 18818 children (18552 families), living in the
United Kingdom at age 9 months when the ﬁrst sur-
vey was conducted, representing a response rate of
72% at the ﬁrst survey. A detailed description of the
sampling design is provided elsewhere [8].
A second survey was conducted between September
2003 and January 2005 when cohort children were
aged about 3 years [9]. At the second survey, 14630
(80%) of 18296 mother–singleton infant pairs inter-
viewed at the ﬁrst survey were interviewed at home by
social survey interviewers at a mean child age of 37.7
months (S.D.=2.5). Interviewers were experienced in
social and biomedical surveys but were not themselves
clinically trained or qualiﬁed to collect biological
samples. Translators were made available when
neither a resident parent nor other household member
aged o16 years spoke English. At each interview, in-
formation was collected on a range of demographic,
social, and health factors related to the child and their
family.
We included 14373 singleton children with a natu-
ral mother as main survey respondent in the analyses
reported here, for whom data from 12026 partner
interviews were available, including 11676 natural
fathers. Of these 14373 main respondents, 8993 were
from England, 2201 from Wales, 1766 from Scotland
and 1413 from Northern Ireland. Data from both
surveys were obtained from the UK Data Archive,
University of Essex [10, 11]. Fieldwork for the ﬁrst
and second MCS surveys received ethical approval
from the South West and London Multi-Centre
Research Ethics Committees, respectively [12]. The
analyses presented required no further ethical com-
mittee approval.
Invitation to participate
Families, eligible for the second MCS survey, were
sent a letter and a four-page study booklet a few days
before the home interview. This included the
‘Infections and Allergies Study’ leaﬂet inviting them
to participate in the oral ﬂuid survey, and describing
the hygiene hypothesis, the purpose of collecting oral
ﬂuid (referred to as ‘saliva’ for simplicity in this leaf-
let), and how it would be collected. The letter and
leaﬂet were translated into ten languages, with trans-
lated versions sent to households identifying one of
these languages as their main household language at
the ﬁrst survey [13]. All families in Wales were sent a
study booklet in English and Welsh.
Oral ﬂuid collection
Interviewers, informed about oral ﬂuid collection
methods using a purpose-made video presentation,
explained to participating mothers how to collect a
sample of oral ﬂuid from their child using the Oracol
oral ﬂuid collection device (Malvern Medical De-
velopments Ltd, Worcester, UK). This device was
selected for its acceptability for use with children and
its high oral ﬂuid sample quality [14, 15]. The ab-
sorbent foam swab included with this device was
gently rubbed over the child’s gums for 1 minute by
the mother, or by the child if they wished, sealed in the
supplied plastic tube, inserted into a larger tube la-
belled with a barcode denoting the cohort identiﬁ-
cation number and the date and time of sample, and
posted using a pre-addressed reply-paid envelope to
the laboratory. Mothers collecting the child’s sample
after the interview labelled and returned it by post
using the same procedure. Upon receipt in the lab-
oratory oral ﬂuid samples were extracted from the
sponge swab by agitation of the swab for 30 s in 1 ml
transport medium [PBS (pH 7.2) with 10% fetal calf
serum, 0.2% Tween-20, 0.5% gentamicin, and 0.2%
fungizone] followed by centrifugation and division
into four aliquots which were frozen at x20 xC.
Samples were tested for total immunoglobulin (IgG)
content using a time-resolved ﬂuorescent immuno-
assay.
Explanatory variables
We examined the following maternal social and
demographic factors as potential predictors of re-
sponse: maternal socio-economic status (based upon
maternal occupation and categorized in accordance
212 S. E. Bartington and otherswith the National Statistics Socioeconomic
Classiﬁcation) [16], ethnic group (categorized into
eight groups in accordance with guidelines from the
Oﬃce for National Statistics) [17], age at cohort child
birth, level of education (obtained at the ﬁrst survey,
GCSEs at Grade C or above or no academic qualiﬁ-
cations), smoking during pregnancy (yes/no); history
of breastfeeding (<4 months, o4 months) and factors
relevant to the allergic outcomes of interest for the
hygiene hypothesis: maternal and paternal history of
asthma, eczema, hayfever, or bronchitis (yes/no). All
information for these variables was obtained at the
ﬁrst survey. We also examined the following variables
collected at the second survey: cohort child sex and
age at interview (<36 months, 36–39 months, >39
months), maternal lone parent status, main household
language (English, English and other language, or
other language only) and cohort child history of
asthma, eczema, hayfever or wheezing in the past 12
months, child day-care attendance (formal, informal,
none), and total number of children in the household
(1, 2–3, o4).
Statistical methods
All analyses were weighted for non-response and
survey design eﬀect. Variables signiﬁcantly associated
with diﬀerences in oral ﬂuid receipt were identiﬁed
using the F test, and analysed using a multivariable
modiﬁed Poisson regression model for binary data
[18] to report crude and adjusted risk ratios (aRRs).
The robust Poisson model has been shown to provide
more reliable prevalence estimates for a common
outcome with binary data than a logistic regression
model, using sandwich estimation to estimate robust
standard errors [19]. We adjusted for child age and
sex, and then used a stepped approach to examine
associations with socio-economic and demographic
factors, and other factors relevant to the hygiene hy-
pothesis. Adjusted Wald tests were used to test for
diﬀerences between regression coeﬃcients. All ana-
lyses were conducted using Stata 9.2 with SVY com-
mands [20].
RESULTS
Overall, oral ﬂuid samples were received from 11698
(81.4%) children, and this did not vary signiﬁcantly
by UK country (Table 1). Of 11698 samples, only 213
(1.8%) did not contain any oral ﬂuid detectable by
measurement of total IgG content. The geometric
Table 1. Oral ﬂuid sample receipt by social and
demographic factors
Measures
Total
N
Weighted
% P value
Country P=0.9
England 8993 81.0
Wales 2201 81.3
Scotland 1766 82.3
Northern Ireland 1413 81.2
Cohort child age at
interview (months)
P<0.001
<36 392 84.5
36–39 12115 81.6
>39 1866 76.9
Cohort child sex P=0.08
Male 7343 80.5
Female 7030 81.8
Maternal socio-economic
status
P=0.05
Professional and
managerial
4072 81.6
Intermediate occupations 3812 81.7
Routine and manual 5025 81.2
Never worked/long-term
unemployed
1288 77.2
Maternal ethnicity P<0.001
White 12280 81.8
Mixed 127 74.3
Indian 363 80.3
Pakistani 646 77.4
Bangladeshi 246 75.2
Black Caribbean 175 69.4
Black African 235 71.6
Other 255 78.3
Maternal age at cohort
birth (years)
P=0.58
14–19 1083 81.5
20–29 6512 80.7
30–39 6453 81.7
o40 318 82.3
Maternal education P=0.61
Some academic
qualiﬁcations
10366 81.3
No academic
qualiﬁcations
3976 80.8
Maternal lone parent status P=0.12
Lone parent 2195 79.8
Non-lone parent 12178 81.4
Household language P<0.001
English only 12255 81.7
English and other 1681 78.8
Non-English speaking 437 69.7
N, Weighted percentages.
Missing data: maternal socio-economic status (176), ma-
ternal ethnicity (46), maternal age at cohort child birth (7),
maternal education (31).
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dence interval) 2.02–2.11]. In univariable analyses,
samples were less likely to be received from older
children, boys, children whose mothers had never
worked or were unemployed, whose mothers were of
non-white ethnicity, or who lived in non-English-
speaking households (Table 1). Among those vari-
ables relevant to the hygiene hypothesis, none were
signiﬁcant apart from a maternal history of asthma:
samples were received from 83.1% and 80.8% of
children of mothers with and without a history of
asthma, respectively (Table 2).
These associations remained after adjustment for
child age and sex. Further adjustment using a stepped
approach did not attenuate associations signiﬁcantly
with the exception of associations with maternal
Pakistani and Black African ethnicity which atten-
uated after adjustment for maternal socio-economic
status, and with maternal unemployment which atten-
uated after adjustment for maternal ethnicity. After
adjustment for all factors, children of Black
Caribbean mothers remained signiﬁcantly less likely
to provide a sample (aRR 0.85, 95% CI 0.73–0.98) as
did children living in non-English-speaking house-
holds (aRR 0.87, 95% CI 0.77–0.98) (Table 3).
Conversely, children of mothers with a history of
asthma were slightly but signiﬁcantly more likely to
provide a sample (aRR 1.03, 95% CI 1.00–1.05).
DISCUSSION
This is to our knowledge the ﬁrst large-scale child
cohort study in which oral ﬂuid has been collected by
the mother from preschool-aged children in the
home setting, with an explanation from a trained
interviewer. The high response rate achieved suggests
that this methodology is feasible and acceptable, with
98.2% of returned oral ﬂuid devices having IgG
detected on the foam swab. We have identiﬁed social
and ethnic factors associated with a mother’s decision
Table 2. Oral ﬂuid sample receipt by factors associated
with the hygiene hypothesis
Total N Weighted % P value
Maternal
Smoking during
pregnancy
P=0.76
Yes 4927 81.3
No 9386 81.1
Asthma P=0.01
Yes 2337 83.1
No 12022 80.8
Eczema P=0.68
Yes 2495 82.5
No 11864 82.0
Hayfever P=0.37
Yes 3515 81.7
No 10846 81.0
Bronchitis P=0.52
Yes 1123 81.9
No 13235 81.1
Paternal*
Asthma P=0.25
Yes 1344 83.3
No 8602 81.7
Eczema P=0.99
Yes 1066 81.9
No 8833 81.9
Hayfever P=0.72
Yes 2330 82.2
No 7618 81.8
Bronchitis P=0.33
Yes 702 83.4
No 9243 81.8
Cohort child
Asthma/wheezing
ever
P=0.36
Yes 4709 81.7
No 9604 80.9
Wheezing in past
12 months
P=0.65
Yes 2859 80.8
No 11512 81.3
Ever eczema/hayfever P=0.64
Yes 5136 81.0
No 9115 81.4
Breastfed P=0.49
o4 months 3742 81.6
<4 months 10616 81.0
Day-care attendance P=0.68
None 10636 81.1
Informal 2145 81.8
Formal 1592 80.7
Children in household P=0.62
1 3565 81.4
2–3 9294 81.4
o4 1514 80.2
N, Weighted percentages.
* N=11676.
(Table 2 notes continued)
Missing data: maternal smoking during pregnancy (60),
maternal asthma (14), maternal eczema (14), maternal
hayfever (12), maternal bronchitis (15), paternal asthma
(1730), paternal eczema (1727), paternal hayfever (1728),
paternal bronchitis (1731), breastfeeding history (15),
cohort child asthma/wheezing (60), cohort child asthma
or wheezing in past 12 months (2) cohort child eczema/
hayfever (122).
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less likely to be received from children of mothers
from Black Caribbean ethnic groups or from those
living in non-English-speaking households. Although
children of mothers with a history of asthma were
statistically more likely to provide a sample, the
eﬀect was small and there were no associations with
other measures of allergy and asthma in the child or
parent.
Strengths of our study include the size, represen-
tativenessanddiversityofthecohort,aswellastherich
range of social and demographic information avail-
able on cohort families and children. This has enabled
comprehensive examination of factors associated
with oral ﬂuid sample provision in multi-ethnic and
socially diverse population-based cohort studies and
provides novel insights relevant to future studies in
this age group. Unfortunately a precise record of who
declined to provide a sample (mother, child or both),
whether the mother or child took the sample, or
whether the interviewer was present at sample collec-
tion was not retained.
Although a number of large-scale seroprevalence
studies based on oral ﬂuid samples have been carried
out by post previously, these have included a wide
age range of participants and provide only limited
information regarding factors associated with re-
sponse in young children. A recent postal oral ﬂuid
study of 2448 potential participants aged 20–39 years
in Canada, reported a response rate of 59% [21].
In England and Wales a postal seroprevalence survey
of adults and children conducted by the Health
Protection Agency reported an overall response of
40%, and this was lower amongst men and ethnic
minorities [22]. A higher response rate of 60% was
attained from 962 households surveyed in Ireland
[23]. In these postal studies participants were con-
tacted only by letter, with a request for self-collection
with no interviewer present. In our study, mothers
had already agreed to completion of the survey
Table 3. Factors associated with oral ﬂuid sample receipt
Measures % (N) Crude RR (95% CI)
Fully adjusted aRR
(95% CI)#
Maternal socio-economic status
Professional and managerial 30.3 (4072) 1.00 (0.98–1.03) 1.00 (0.98–1.02)
Intermediate occupations 27.9 (3812) 1.01 (0.98–1.03) 1.01 (0.98–1.03)
Routine and manual 34.8 (5025) 1 1
Never worked/long-term
unemployed
7.1 (1288) 0.95 (0.91–0.99)* 0.98 (0.93–1.03)
Maternal ethnicity
White 88.8 (12280) 1 1
Mixed 0.9 (127) 0.91 (0.81–1.02) 0.92 (0.82–1.03)
Indian 1.9 (363) 0.98 (0.92–1.04) 1.03 (0.95–1.11)
Pakistani 3.2 (646) 0.95 (0.90–0.99)* 1.00 (0.94–1.07)
Bangladeshi 1.0 (246) 0.92 (0.84–1.01) 0.98 (0.87–1.10)
Black Caribbean 1.1 (175) 0.85 (0.73–0.98)* 0.85 (0.73–0.98)*
Black African 1.5 (235) 0.88 (0.77–0.99)* 0.94 (0.83–1.06)
Other 1.6 (255) 0.96 (0.87–1.05) 1.01 (0.93–1.11)
Household language
English only 89.4 (12255) 1 1
English and other 8.4 (1681) 0.96 (0.93–1.00) 0.98 (0.93–1.03)
Non-English speaking 2.2 (437) 0.85 (0.76–0.95)* 0.87 (0.77–0.98)*
Maternal asthma
Yes 16.8 (2337) 1.03 (1.01–1.05)* 1.03 (1.00–1.05)*
No 83.2 (12022) 1 1
RR, Risk ratio; aRR, adjusted risk ratio; CI, conﬁdence interval.
Weighted percentages (N).
# Adjusted for age and sex of cohort child, maternal socio-economic status, ethnic group, household language and maternal
asthma.
* Pf0.05.
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sample and an interviewer explained how to collect
samples. This may account for the higher response
achieved in our study compared to that reported in
other published postal surveys.
Higher participation rates have been reported in
smaller studies where a nurse or a health-care pro-
fessional has collected the sample, although only
limited information is available by age group. For
example, 84/91 (92%) parents agreed to their child
taking part in a study to examine the feasibility of
using oral ﬂuids for hepatitis C virus testing of 3- to
10-year-olds; 70/84 (83%) of the children whose
parents had given consent also agreed to take part
[24]. In this small study, older children were more
likely to take part, but participation did not vary by
sex of child, or by area-level deprivation. In contrast,
within the narrow age range represented in our study,
younger children were more likely to provide a
sample. Similar response rates were reported from a
study of 11-year-olds in Scottish primary schools
where 554/720 (77%) of children provided a sample
[25]. A recently published case-control study in East
Anglia recruited preschool-aged children but did not
report participation rates [26]. Unfortunately the
precise method of sample collection was not reported
in either of these studies.
There was only limited evidence that a history
of asthma or allergic disease in the child or family
inﬂuenced participation, with a maternal history of
asthma associated with a small but statistically sig-
niﬁcant increase in sample receipt. In previous studies
of parental participation in paediatric research,
parents have also cited an opportunity to learn more
about their child’s clinical illness and a willingness to
contribute to medical knowledge as reasons for
taking part, but these studies have been carried out
in clinical rather than population-based settings
[27, 28].
Although, overall, response was high in our study,
our ﬁndings suggest that despite provision of trans-
lated study information sheets and use of family
members or professional interpreter support, some
barriers to participation remain for mothers living in
non-English-speaking households. Other factors in
the ﬁeldwork design may be relevant, including the
provision of written information in languages that
may be spoken but not necessarily read in a non-
English-speaking household [29]. Hunt & Bhopal
have highlighted the need for greater awareness
of cultural diﬀerences to increase participation in
multi-ethnic research studies, while others have exam-
ined the need for further research to identify the
barriers and facilitators for involvement of diﬀerent
population groups [30–32].
We found that children of Black Caribbean
mothers were less likely to provide oral ﬂuid, and this
was independent of home language and socio-
economic status. We were unable to identify any UK
studies speciﬁcally exploring ethnic variation in pro-
vision of non-invasive biological samples for research,
although there is a growing literature examining
non-participation in clinical trials and observational
studies[33–36].Under-representationofBlackAfrican
American ethnic minorities in clinical medical re-
search has been consistently reported from the United
States [37, 38]. While this has been attributed to fac-
tors such as a lower level of trust in medical research
[39], others have suggested that under-representation
of ethnic minorities in health research may reﬂect
failure to approach these groups rather than their re-
fusal to participate [40]. Our study was not, however,
carried out in a health-care setting, all cohort families
irrespective of ethnic background, were invited to
participate and observed ethnic diﬀerences were in-
dependent of socio-economic factors. While qualitat-
ive research might be helpful to identify other barriers
to participation, overall the response rates achieved
are high and future analyses of seroprevalence will
adjust for non-response.
In conclusion, we have demonstrated that a high
proportion of mothers and their preschool-aged chil-
dren participating in a UK-wide cohort are willing to
provide an oral ﬂuid specimen in the home setting
following verbal explanation by an interviewer sup-
plemented by written information. While lower
among certain ethnic groups and non-English-speak-
ing households, overall response was high indicating
that oral ﬂuid is a feasible and acceptable biological
sample for use in population-based seroprevalence
studies in this age group. Formal interpreter support
may be required to increase participation rates in
surveys that collect biological samples from ethnic
minorities.
APPENDIX
Members of the Millennium Cohort Study Child
Health Group: Helen Bedford, Tim Cole, Phillippa
Cumberland, Lucy Griﬃths, Summer Sherburne
Hawkins, Catherine Law, Anna Pearce, Jugnoo Rahi,
Carly Rich.
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